Purpose: Failure after radial head arthroplasty is uncommon, but clinically significant. Treatment for failure may involve implant removal. We describe fourteen patients who underwent implant removal after failed radial head arthroplasty. Methods: A retrospective review was performed to determine the cause of failure and clinical data were prospectively collected. Results: At mean follow up of 38 months the mean VAS for pain score was 3.0 and the mean DASH score was 40.5. The mean MEPS was 69. All patients demonstrated improved elbow range of motion. Mean elbow flexion at final follow up was 124˚ to an average extension deficit of 25˚. Fifty percent of patients exhibited clinical symptoms of cubital tunnel syndrome. Three patients required additional surgery after implant removal. Conclusions: Implant removal for failed radial head arthroplasty improves range of motion and demonstrates acceptable outcomes at intermediate-term follow up. However, 50% of patients developed cubital tunnel syndrome and 21% required revision surgery.
Introduction
Radial head fractures are frequently the result of severe elbow trauma and may be associated with concomitant injury to the collateral ligaments and proximal ulna [1] . The radial head is an important stabilizer of the elbow joint, and instability may develop after radial head fracture. Although it acts as a secondary constraint to valgus stress in a native joint, the radial head becomes a primary stabilizer with associated medial collateral ligament injury [2] . In radial head fractures associated with elbow instability, it is important to re-establish longitudinal stability of the forearm via either radial head reconstruction or replacement [3] .
Radial head arthroplasty is commonly performed acutely as a treatment for radial head fractures that are not amenable to reconstruction in order to re-establish elbow stability and allow early motion after injury [4] . In addition, radial head arthroplasty is often undertaken to treat the late sequelae of radial head fracture including nonunion, malunion, and/or post-traumatic arthritis. Silicone implants were initially used to replace the radial head; however, concerns regarding implant loosening, silicone synovitis, and late instability have led to a decline in their use [5] [6] . More commonly, metallic implants are used for radial head replacement. Metallic radial head arthroplasty performed for acute fracture of the radial head and neck [3] [7] [8] [9] and for reconstruction after posttraumatic arthritis [10] has demonstrated favorable short-and intermediateterm outcomes.
Complications specific to metallic radial head arthroplasty include stem loosening and capitellar erosion/osteopenia [7] [11] [12] [13] [14] [15] . Failure after radial head arthroplasty can occur for various reasons including pain, stiffness, and instability [13] . Risk factors for failure after radial head arthroplasty include acute unstable fractures, younger patient age, silastic implant, and technical errors in implant placement [13] [16] . Treatment for failed radial head arthroplasty may entail either revision or removal of the implant. To our knowledge, the outcome after failed radial head arthroplasty has not been described in the literature. Therefore, the goal of this study was to describe the clinical outcome after implant removal for failed radial head arthroplasty.
Material and Methods
Following Institutional Review Board (IRB) approval at our institution, a Current Procedure Terminology search was performed using the code 24,164 (implant removal, radial head). Patients who underwent a removal of radial head arthroplasty from January 1, 1995 through December 31, 2014 were identified.
Inclusion criteria were any patient who underwent removal of radial head arthroplasty and was >18 years old. Patients who underwent revision radial head arthroplasty (i.e., replacement after removal) or who had follow up of less than 3 months were excluded. Twenty patients were initially identified. Two patients elected not to participate, and an additional 4 patients did not meet the follow-up requirement. Therefore, 14 patients were available for our study. All patients were enrolled either by providing written informed consent or under an approved enrollment waiver granted by the IRB.
The mean follow up was 38 months (3 -107) . Ten females and 4 males were included, with an average age of 51 (22 -82) at the time of implant removal.
Two of the radial head implants were silastic, and the remaining 12 were metal.
The original diagnoses leading to radial head replacement are listed in Table 1 . Patient history and details regarding radial head implant removal were obtained via the electronic medical record. Seven patients underwent isolated radial head arthroplasty. The remaining 7 underwent additional procedures for associated injuries at the time of initial arthroplasty, the details of which are listed in Table   2 .
The average time from radial head arthroplasty to subsequent removal was 54 months (6 -376 were classified as excellent (90 -100 points), good (75 -89 points), fair (60 -74 points), or poor (<60 points). The DASH consists of a 30-question survey that assesses upper extremity symptom severity and disability on a scale of 0 (no disability) to 100 (complete disability). Because of the small sample size of this patient series statistical analysis was not appropriate.
A goniometer was used to measure elbow range of motion. Grip strength was assessed for both the injured and contralateral extremity using a hand-held dy- 
Results
The mean VAS score for pain was 3.0 (0 -7.6) and the mean DASH score was 
Discussion
To our knowledge, this study is the first to describe the outcome of patients undergoing implant removal after failed radial head arthroplasty. In a small number of patients, we have demonstrated acceptable outcomes in the majority of patients. Several of the patients in this series reported minimal pain and dysfunction, while several others demonstrated continued significant disability. All patients attained improvement in elbow range of motion after radial head implant removal, and the average flexion to extension deficit (124˚ -25˚) attained closely corresponds to the accepted 100˚ functional arc of motion from 30˚ -100˚ of flexion [21] . Three patients required revision surgery after radial head implant removal, and a fourth patient remained severely disabled and was scheduled to undergo total elbow arthroplasty at the conclusion of the study. Each of these patients had undergone multiple surgical procedures prior to radial head implant removal, likely indicative of significant underlying disability and more severe elbow injury. Additionally, two patients in this study underwent radial head replacement for post-traumatic arthritis, and both of these patients are included in the above-noted failures. Two of the patients in this study underwent radial head arthroplasty due to an Essex-Lopresti injury. Both of these patients also required revision surgery after implant removal consistent with the severe nature of the original injury. One of these patients developed longitudinal instability of the forearm after implant removal, which is suggestive of underlying instability that had been masked by the radial head arthroplasty.
Of note, a high percentage of the patients in the study demonstrated symptoms consistent with cubital tunnel syndrome. We believe this is likely related to persistent valgus instability of the elbow, which may be imperceptible to the patient and rarely led to frank symptomatic instability of the elbow but was significant enough to irritate the ulnar nerve.
While no previous studies have described outcomes after removal of failed radial head arthroplasty, short-to intermediate-term follow up after arthroplasty for radial head fracture has generally demonstrated favorable results [3] [7] [8] [9] [16] . Risk factors for failure after radial head arthroplasty include acute unstable fractures, younger patient age, silastic implant, and technical errors in implant placement such as overstuffing [13] [16] . Surgical options for failed radial head arthroplasty generally involve revision versus implant removal.
Removal of a radial head implant may be compared to radial head excision for primary and delayed treatment for radial head fractures. Multiple studies have demonstrated excellent long-term results after radial head excision [20] [22] [23] [24] . Concerns over valgus instability and proximal migration of the radius persist; therefore, intraoperative assessment of longitudinal instability via a push-pull test has been recommended [25] . One of the main limitations of this study is that a single cohort of patients was available for review with no control or comparative group. In addition, we reviewed a heterogeneous group of patients who underwent radial head arthroplasty for a variety of both acute and chronic elbow pathology. However, the strength of the study lies in the fact that this group of patients had not previously been described in the literature.
In this study, the majority of patients demonstrated fair to good outcomes after removal of failed radial head arthoplasty. All patients attained improved range of motion. A high percentage of patients exhibited persistent signs of cubital tunnel syndrome, and one of our patients developed longitudinal instability of the forearm after implant removal. Though limited by the number of patients in this study, worse outcomes were demonstrated in patients undergoing implant removal after radial head arthroplasty for post-traumatic arthritis or Essex-Lopresti injury.
In conclusion, implant removal is a viable treatment option for failed radial head arthroplasty. We advise giving strong consideration to ulnar nerve release with transposition after radial head implant removal. In addition, intraoperative assessment of longitudinal stability after implant removal is imperative and should be corrected as indicated.
